N THIS work, 5 thiazolidinone derivatives of the type 5-benzylidene -2-(1-piperidinyl)-
Introduction
Lubricating oils are always in contact with air, often at high temperatures [1] . Temperatures can range from ambient for transformers to over 300°C in the sump of a modern car engine. Under such conditions and in the presence of many metals, the mineral oil will undergo a series of oxidative chemical reactions leading to an increase in viscosity and acidity, which lead to the corrosion of metal parts and the formation of carbonaceous deposits [2] , Therefore that reduces the efficiency of the system [3] . Usually, lubricating oils operate at higher severities of temperatures and pressure; therefore it is required to improve thermal and oxidative stability and excellent temperatureviscosity characteristics allowing the oil to meet the demanding requirements for use in industrial application [4] . Consequently, the addition of antioxidants became very required to protect the oil by decreasing the oxidative degradation during industrial application [5] . Most of the heterocyclic compounds which have compact structure possess antioxidant, anticorrosion and antiwear properties [6] [7] [8] . Heterocyclic compounds have been reported as antiwear and extreme pressure additives such as thiadiazoles and benzotriazoles [9] [10] [11] [12] [13] . Mohammed et al [14] studied the oxidation stability of local base stock in the presence of two antioxidants. Otherwise, Nessim et al studied the effect of some heterocyclic compounds and azo compounds as antioxidants for base oil [15] [16] [17] . Quantum chemical techniques have already proven to be very useful in determining the molecular structure as well as elucidating the electronic structure and reactivity. Recently, antioxidant publications contain substantial chemical calculations. Such calculations are usually used to explore the relationship between the antioxidants molecular properties and their inhibition efficiency [18, 19] . This paper is an extended work of discussing the efficiency of newly prepared compounds as antioxidants for local base oil. Also, we studied the relationship between quantum chemical calculations and experimental efficiencies of the synthesized antioxidants by determining the quantum chemical parameters such as the energies of the highest occupied molecular orbital (E HOMO ) and the lowest unoccupied molecular orbital (E LUMO ) and the energy gap ∆E (E HOMO -E LUMO ).
Experimental

Raw material and reagents
Hydro finished base oil sample was delivered from Co-operative Petroleum Company, Cairo, Egypt. All reagents purchased from Merck, Aldrich and Fluka chemical companies. They were of analytical grade and utilized without further purification.
Analysis
Melting points were determined via Gallenkamp melting point apparatus. mmol) and n-alkyl bromide (n-butyl bromide,nhexyl bromide,n-octyl bromide and n-decyl bromide) (12.02mmol) was added and blended at room temperature for 6h. The blend was then filtered and washed with 10% cold sodium hydroxide (2 x 25ml) to remove any traces of unreacted 4-hydroxybenzaldehyde. The solvent was dried over anhydrous sodium sulphate and evaporated under reduced pressure to give solid 4-n-alkoxybenzaldehyde in 75% yield [14, 15] .
b) Synthesis of rhodanine derivatives (96-100) I) 5-(4-Alkoxybenzylidine)-2-thioxo-4-oxo-1,3-thiazolidine (96-99)
4-n-alkoxybenzaldehyde (0.010 mole) is added to a solution of 2-thioxo-4-oxo-1,3-thiazolidine (1.33g,0.010 mole) in the presence of anhydrous sodium acetate (1.23g,0.015 mole) and glacial acetic acid (20 ml). The whole blend is refluxed for 2 or 3 hours, allowed to stand at room temperature and the precipitated product is separated off, washed several times with cold water and recrystallized from glacial acetic acid with ethanol (99.9%) [14, 15] .
II) 5-benzylidene-2-thioxo-4-oxo-1,3-thiazolidine (100)
5-benzylidene-2-thioxo-4-oxo-1,3-thiazolidine was obtained according to the reported method by Khazaei et al. [20] .
c) Synthesis of antioxidants (101-105)
Piperidine (0.93g, 0.011 mole) is added to 2-thioxo-4-oxo-1,3-thiazolidine derivatives (96-100) in the presence of ethanol (50 ml)(0.010 mole) and the whole mixture is refluxed until the hydrogen sulphide gas ceased to evolve (~3 hours). The reaction mixture is cooled, filtered, dried and recrystallized from ethanol to give antioxidants as pale yellow crystals [21] . Oxidation stability study The oxidation test was carried out according to ASTM D-943 standard test method [23] . The oxidation cell within the static mode contained 200 ml base stock, and copper and iron wires as catalysts. The base stock sample was exposed to oxidation at 120 o C with pure oxygen (99.95%) at a flow rate of 0.1 liters/hour for maximum 96 hours. The characterized compounds (101-105) were added with different concentrations (100, 200 and 300 ppm). The oil samples were studied (after 24, 48, 72 and 96 hours respectively) through the change of viscosity and total acid number (TAN). The last two parameters were done for the oxidized samples according to ASTM standard test methods D-664 and D-445, respectively [24, 25] .
Quantum chemical calculations
Quantum mechanical program chem bio draw ultra 12 [26] , was used for the molecular modeling. The calculations were based on Ab initio (HF/3-21G).
Results and Discussion
Physicochemical properties of the Base Oil
The physicochemical properties of the delivered base oil were carried out according to ASTM standard test methods. The results were tabulated in Table 3 .
Elucidation of structures (101-105)
The chemical structure of compounds (101-105) was elucidated using the following tools of analysis:
Elemental analysis
Infrared spectroscopy * The infrared spectra of the prepared compounds showed (ν C = O ) at some lower wave numbers as compared with the respective saturated analogues which are consistent with the existence of an α-β unsaturated carbonyl group system. • 
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Mass spectroscopy
From mass spectroscopy data, the molecular ion peaks of the prepared compounds were in good matching with the calculated molecular weight. 
Oxidation of base stock without any additives (blank sample)
Usually, the total acid number (TAN) of the oil increases by increments the oxidation time. The increasing of TAN values is due to the oxidation processes which produce peroxides. These peroxides undergo further reaction to form a lot of oxygenated compounds such as alcohols, ketones and aldehydes. The TAN is affected by the formation of carboxylic acids after oxidation and increases with increasing carbonyl formation which deteriorates the lubrication ability of the oil.
The oxidation of the base oil without additives is tabulated in Table 9 . The TAN values increase from 0.00216 mg KOH/g sample with the oxidation time intervals (from 24 to 96 hours) to 2.7799 mg KOH/g sample when thermally oxidized. 
Evaluation of the prepared compounds as antioxidants for base stock a) Total acid number (TAN)
The prepared antioxidants were added to the delivered base oil. The blends obtained were exposed to severe oxidation conditions at 120 o C. Samples were taken at specific time intervals (24, 48, 72 and 96 hours) of oxidation.
• Effect of substituted alkyl additives
Results of the TAN in existence of the antioxidants 101,102,103,104 and 105, having short and long alkyl chain lengths, respectively, after thermal oxidation of the base oil up to 96 hours, are given in Table 10 . First of all, the TANs decrease by increasing the additive dose from 100 to 300 part per million. Among the five thiazolidinone derivative compounds; 101,102,103,104 and 105, the efficiency order of these compounds towards decreasing TAN is ranked as follows:
105 < 104 <103 <102 < 101.
• Effect of additives concentration The data, shown in Fig.12 (a, b and c) represent the relation between the TAN and the oxidation periods (24, 48, 72 and 96 hr) when the additive concentrations correspond to 100, 200 and 300 ppm for compounds 101,102,103,104 and 105 were used, respectively. Figure 12a shows that with the additive concentration corresponds to 100 ppm, the fresh base stock and the compounds (101,102,103 and 104) gave poor results of the TAN comparing to TAN of compound 105. Figure  12b discloses that, with the concentration of 200 ppm, the order of increasing inhibition efficiency is ranked as follows: 105 <104< 103< 102< 101 > fresh. It is evident from Fig. 12c that, with 300 ppm. additives concentration, there is a noticeable increase in the TAN on using all the additives and the order of increasing efficiency was as follows: 105 >104> 103> 102> 101 > fresh sample.
b) Viscosity
Viscosity is one of the most significant physical properties for the characterization of lubricants and their transport properties, and it is a measure of internal friction in a fluid. In general, the viscosity of the base oil increments with the operating time of oxidation. The increases in viscosity are due to the polymerization in the molecular structure. That is, during the oxidation, the oil breaks down from peroxides to carboxylic acids, which polymerize to a long chain molecular structure. The latter greatly enhances the viscosity and showing that the heavy lubricant deterioration exists. The viscosity is always reduced by the addition of additives to the oil as a result of thermal oxidation. The data of the viscosities are tabulated in Table 11 and graphically represented in Fig. 13a-c . Fig. 14 (a-e) , respectively. The optimized molecular structures of the studied molecules, using Ab initio (HF/3-21G), are shown in Fig. 15 a & Table 12 .
It was reported that the lower values of the energy gap (ΔE) mean good inhibition efficiencies because the energy required to remove an electron from the last occupied molecular orbital is low, which facilitate the oxidation inhibition process [27] . Therefore from the data given in Table 12 , compound (105) was the best antioxidant for the local base oil which is consistent with the experimental results. 
Conclusion
The results obtained in this paper, show the following :
• Increasing the oxidation time, always increase both of the viscosity and the total acid number of the base stock.
• The prepared antioxidants (101,102,103,104 and 105) proved to be successful in controlling the oxidation stability of the base oil.
• We noticed for compound (105), with the long hydrophobic part, has the most efficiency.
• The data reveals that the most effective concentration is (300 ppm).
• Quantum chemical calculations were found to give good reasonable correlation with the results obtained by viscosity and total acid number (TAN).
